Alzheimer's disease (AD) is currently under-diagnosed and is predicted to affect a great 33 number of people in the future, due to the unrestrained aging of the population. An accurate 34 diagnosis of AD at an early-stage, prior to (severe) symptomatology, is of crucial importance 35 as it would allow the subscription of effective palliative care and/or enrolment into specific 36 clinical trials. Today, new analytical methods and research initiatives are being developed for 37 the on-time diagnosis of this devastating disorder. During the last decade, spectroscopic 38 techniques have shown great promise in the robust diagnosis of various pathologies, including 39 neurodegenerative diseases and dementia. In the current study, blood plasma samples were 40 analysed with near-infrared (NIR) spectroscopy as a minimally-invasive method to distinguish 41 patients with AD (n=111) from non-demented volunteers (n=173). After applying multivariate 42 classification models (principal component analysis with quadratic discriminant analysis -43 PCA-QDA), AD individuals were correctly identified with 92.8% accuracy, 87.5% sensitivity 44 and 96.1% specificity. Our results show the potential of NIR spectroscopy as a simple and cost-45 effective diagnostic tool for AD. Robust and early diagnosis may be a first step towards 46 tackling this disease by allowing timely intervention. 47 48 49 50 51 52 Keywords: Alzheimer's disease; multivariate classification; near infrared spectroscopy; PCA-53 QDA; plasma diagnostics 54 55
Introduction
or biofluids, such as cerebrospinal fluid (CSF) and blood samples [13] [14] [15] [16] [17] . The objective of the 80 current study was to detect AD using a minimally-invasive, but at the same time rapid and 81 inexpensive, blood test. Our aim was to use a large number of individuals and add further 82 evidence, to the current literature, about the diagnostic capabilities of spectroscopy as a 83 diagnostic tool. 84 The use of a suitable substrate in spectroscopy is also of major importance as it could 85 distort the resultant spectral information and lead to falsified conclusions; for this reason, 86 numerous studies have previously used costly and/or fragile substrates, such as calcium/barium 87 fluoride or gold substrates, to avoid signal interference [18] [19] [20] [21] [22] . At the same time, however, the 88 substrate of choice should be relatively inexpensive in order to be welcomed to a clinical 89 setting. Therefore, a secondary aim of this study was to investigate whether the signal from the 90 commonly-used and inexpensive low-E glass slide 23, 24 could be removed from the samples' 91 spectra without affecting the diagnostic result.
92

Materials and Methods
93
Patient cohort and sample collection 94 Our cohort included 111 patients with AD and 173 individuals with no symptoms of 95 AD, who were designated as healthy controls (HC). The latter group mainly consisted of close 96 relatives (e.g., spouses) escorting the patients at the time of examination. More information 97 about the age and gender of the participants is provided in Table 1 Research Inc., USA) and lab-made routines. The 10 spectra collected per sample were initially 117 averaged, and the following pre-processing steps were applied to the dataset: truncation at the 118 biofingerprint region (1850-2150 nm) (highlighted in Fig. 1a ), Savitzky-Golay (SG) smoothing 119 to remove unwanted noise from the spectra (window = 15 points, 2 nd order polynomial 120 function), extended multiplicative signal correction (EMSC) to correct for light scattering and datasets. The QDA classification scores were calculated in a non-Bayesian form in order to 141 reduce the degree of overfitting, as follows 28 : Validation was performed on a patient basis, meaning that each sample represents a 155 different patient rather than an individual spectrum. The models were validated using quality which are true negatives) (Table S1) 30 .
161
In addition, receiver operating characteristics (ROC) curve was generated using 
Results
166
In total, we acquired 1110 NIR spectra from AD patients (n=111) and 1730 spectra 167 from HC volunteers (n=173). The absorption due to the low-E slide signal was subtracted from 168 the samples' signal in order to reduce glass interference ( Figure S1 ). The average raw and pre-169 processed spectra (truncation at 1850-2150 nm, SG smoothing, EMSC and baseline correction) 170 for each class are depicted in Figure 1 . Seven outliers (three due to AD and four due to HC 171 samples) were detected using a Hotelling T 2 versus Q residual test ( Figure S2 ). These samples After pre-processing, slight visual differences are evident between HC and AD patients ( Figure  1b ). Significant differences were observed between HC and AD spectra (1850-2150 nm) using 176 a two-tailed t-test with 95% confidence level (p < 0.001).
177
For classification, the PCA-QDA algorithm was applied using 2 PCs (67.24% 178 cumulative explained variance). PCA scores and loadings are depicted in Figure 2a and 2b,   179 respectively. The scores profile on the two PCs were superposed for HC and AD samples, with for AD are amyloid-β (Aβ) and tau protein (phosphorylated-tau and total-tau) in CSF.
196
Collection of CSF, however, is an invasive procedure, rendering routine testing difficult. The
197
understanding that the blood-brain barrier (BBB) is a semipermeable membrane, allowing the 198 secretion of biological molecules between brain and peripheral blood, as well as the fact that 199 500 mL CSF is daily absorbed into the bloodstream, has led to the characterization of blood as for the diagnosis of AD or other types of dementia 15, 44, 45 ; however, the small number of 217 samples in these studies was a limitation, preventing more general conclusions. According to 218 the NIR results of the present study, most of the differences between healthy and demented 219 individuals seem to be related mainly to protein bands. Some of the well-known characteristics 220 of AD include the built-up of Aβ plaques and neurofibrillary tangles (primarily consisting of 221 tau protein) in the brain, and therefore we can speculate that the observed changes in the NIR 222 region may be attributed to such protein changes.
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The current study has achieved exceptionally high diagnostic accuracies using NIR 
